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Due to the non-perturbative nature of low energy R e s
QCD. many experimental results, often attained at
enormous cost cannot be used effectively to test the
Standard Model unless accurate values of hadronic

matrix elements are known; lattice 1s the only reliable

[5 % "75)‘@" K7/ /é g’k“"

\£-| (BNL "64: Christenson et al). provides a
CLASSIC EXAMPLE.

tool for such calculations <‘<

epl = A S {1 S(x0) + 1y S(x, )42 22 (1 — )]
Gr femgmiy
+1n35(x,x O = =
135(xe, ;) } K ﬁﬂﬁi’l".ﬁmg
The experimentally known value |g;| = 2.27 x 107

can be used to extract information on the poorly
known SM parameters p and 1, once the
non-perurbative quantity. B;- becomes known, as

everything else on the RHS is known quite well.
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EXACT CHIRAL SYMMETRY ON THE LATTICE “HEP

Conventional fermions do not preserve chiral-flavor
symmetry on the lattice (Nielsen - Ninomiya Theorem)
= AS = 1, Al = 1/2 case mixing with lower dim.
(power-divergent) operators & or mixing of 4-quark
operators with wrong chirality ones makes lattice

study of K — m physics virtually impossible.

Domain Wall Fermions (Kaplan, Shamir, Narayanan

and Neuberger)

Left 0 L-1

-

—mM

+5th dim —
Practical viability of DWF for QCD demonstrated
(96-97) Tom Blum & A. 5
Chiral symmetry on the lattice, @ # 0! Huge
improvement

= Now widespread use at BNL and elsewhere
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RBC effort (~’98-"05 with QCDSP), PRD’05;Quenched&nf=2 dyn. I_”_' “HEP
Bk (2 GeV)=0.563(21)(39)(30) T
Last error due quenching using nf=2 dyn.
0.60 I T T T T T T
0es | | RBC has reduced
3 : quenching error by ~
[ ; factor of 3
: | o and finds lower central
o 050 :Ss.ﬁiﬁj o valueby~2 o
D B -> tends to increase n
: O RBC (DBW2, N=2)
0.45 : ' - ' - ' -
0 0.1 0.2 0.2 0.4
g [3ev

FIG. 32: Summary of our results for B? NDR(; = 2 GeV) renormalized with Ny =0 as a function
of the lattice spacing squared. The filled circles are our results and the open symbols are quoted

from previous works [21, 30]. Open diamond is the Ny = 2 result obtained in Ref. [31].

To be compared with JLQCD, PRL ’98 (staggered, quenched)

B, (2GeV) = 0.628(42) ; guess estimate of quenching error= (110) used widely
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Kaon Bag Parameter

Important to CP Violation

Errors in the determination of € are now dominated by uncertainty in the value of B .

Existing expts. + lattice -> sin2f3 =0.70(10)

7 Through direct measurement B-factories give

sin2f3 =0.685(32)..striking confirmation of CKM

paradigm. CKM-phase is dominant contributor
to observed CPV in K, B..

sin273 Lattice weak matrix element effort helps
| attain a milestone
L ! , ! ! in our understanding of CPV phenomena
04l 0z 0.2 06 08 1.
0.2 Constraint by ¢ denoted by green hyper-
|Vao| AM; bolic bands.
AMp; N\ . AMy,




f. Extraction Koji Ikado(BELLE) @FPCP 4/9/06

+ Product of B meson decay constant fg and CKM matrix element |V |

-Vl = (7.731 ]} 53 (stat) ) S8 (syst)) x 1074 Gev
e 1.16639 x 10— Gewv—<
rz | (1.643 4+ 0.010) x 1012 S
mpg 5.279 GeW
T, 1.77699 Ge\V

e Using |V| = (4.38 + 0.33) 4073 from HFAG
. 0.028 0.020

fg =0.216 £ 0.022 GeV (HPQCD)

Phys. Rev. Lett. 95212001 (2005)

Bernard, Labrenz & Soni (PRD ‘94) f; (quenched) =187(10)(34)(15) MeV
(Based on Jim Labrenz thesis @BNL)
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Brief (~25 years) History of By

~'83, DGH use K" lifetime + LOChPT + SU(3)->

B« ~0.33... no error estimate, no scale dependence.
~'84 Lattice method for WME born...many attempts
& improvements for B, evaluations

~'98 JLQCDstaggered By (2GeV)= 0.628(42)quenched(~110).

~’'97 15t B, with DWQ(T.BIum&A.S),0.628(47) quenched.
K

~'01 RBC By with DWQ, quenched=0.532(11) quenched
~’'05 RBC, nf=2, dyn. DWQ, B, =0.563(21)(39)(30)

~’O§/Target 2+1 dyn. DWQ, By with total error
5%
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Relevance of Lattice to the LHC era

* QCD will be an integral part of any BSM
scenario -> need ability for non-
perturbative calculations.

 Two illustrations
* a) By
 Db) proton lifetime
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Q\?,LE.\/ANCE of LQCDt?_ﬂ'CLHCeﬂa
e-q9. By [S'aj dwmﬂ”)’)

Y.Aoki et al (RBC) ‘05
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FIG. 31 B-parameters for\ Qv a4 (cirele)) vy _a4 (square), Qss_pp (diamond), Ossypp

(triangle) and Opyp (left-triangle) for DEW2 & = 1.04 as a function of mg.
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2nd Example:

Application of DWQ to p->etr in GUTs & SUSYGUTs

-|$% $S.55 ]
E(% FRoeassees ate o a
0

Aoki, Dawson, Izubuchi

& Soni (RBC) (|n prep.) ?L:G'E_ o m=002| |
04l O J};,:E.'-'.C-'qf ]

I m=0.055
0.2 & J}J:,=EJ'.|5'.'-" —

(va)’

Mixing of operators
with wrong chirality is
completely negligible,

a significant advantage
Of DWQ

FIG. 1: 55 and PP projections of the 55 operator, M 55,95 and MPP% ag a funetion of lattice

momentum squared for each quark mass.
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Results for LEC’s for proton decay

TABLE VI Comparizon of tha low energy parameter of the mclecn decay chiral Lagrangizn o and

& among varions OO0 modsal calculation, lattics results in the literastares and the resulis from this

work. Results with QO model caleulations are taken from the compilation by Brodsky et al. [15]
In lattice Q2D caloulations, WF and DWF mean Wilson and domain-wall fermicns. Ouar quenched

resuliz are shown with the wotal error consisting of statistical and sysiemaiic errors on ihe bare

matrix elsmnt, rencrmalization constant and scale. The unquenched errors are only statisvical.

A% X | o] [SevE] 13| [Zev]
\ — Donoghue and Goldwich [10] 0.003 Bag modsl
-‘}'/ d, Thomas and Mok ellar [13]  0.02 Bag modsl
Meljanac et al. [11] 0.00s Bag modsl
’Bv — QCD model Toffe [3] 0,000 Sum rule
e/ caloulation  Krasnikov et al [12] 0.6 Sum rule
W/ \{ Ioffe and Smilga [14] 000 Sum rule
\E Tomozawa [9] 0,006 ﬁ Cmark model
&/ Brodsky at al. [15] 0.03 @..
_,_;)V/ Hara et al. [16] 0.0 WF, a~! = 1.5 GeV
Bowler ot al. [17] 0.01% 0010 WF, a~! = 0.0 GaV
Lacties QCD Gavela et al. [15] 0.O05GE(=) oo o WEF, ol =2 Ge¥
Ng;=0 JLQCD [14] 0.015(1) 0.014(1) WF, a-1 = 2.3 GV
CP-PACS & JLQCD [20]  0.0000{08)(+5,) 0.0006{00) +5 ) WF, continuum limit
This work 0.0100{19 0.0108(21) DWF, a~' = 1.3 GeV
LM.:EE Q;:D This wark 0011721 0011721} DWF, a=! = 1.7 GeV
Ny=
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l;irst Lattice Calculation of NEDM [with dyn. (2 flavor)DWQ] due to the

0 parameter (Blum, Orginos & A.S), PRD’06

TABLE VI: Form factors normalized by the electric form factor of the proton, Gr(g®) (Equa-

tion 33). In the limit ¢* — 0, the values in the F: columns vield the anomalous magnetic moments

and in the last two columns, the electric dipole moment of the neutron using currents and projectors

defined in Equations 41 and 42. mig., = 0.03 (upper) and mge, = 0.04 {lower).

g% (GeV?) Fi(q*)/Grlq) Big*)/Celq®) (Fa(g®)/2m)/GE(q%)
proton neutron proton neutron neutron

0.399 1.0784 (63) -0.034(10) 1.680 (95) -1.698 (68)  -0.04 (20) 0.49 {45)
0.824 1.183 {15)  -0.1261 (211) 1.90 {12) -1.827 (82) 0.45 (23) 156 (73)
1.143 1.207 (40) -0.219 {42) 2,15 {23) -1.90 (15) -0.08 (36)  -0.74 {1.73)
1.363 1.251 (5T) 0176 (71) 1.57 {31) -1.73 (25) 0.02 (53) -0.39(73)
0.401 1.0695 (42) -0.045 (7) 1.703 (59) -1.715 (46)  0.08T (95) 0.12(27)
0.753 1.1349 (59) -0.081 (13) 1.760 (66) -1.785 (52) 0.20(10]) -0.18(41)
1.044 1.2181 (223) -0.102 (27) 2050 (129) -2.013 (101) 0.12(16) -1.20 (75)
1.535 1.2107 (414) -0.156 (45) 1.345 (195) -1.409 {136) -0.29 {25) 0.55 (38)

d, =-0.04(20)-e-6-fm; < 0.02 )-e-6-fm.....This upper bound is a factor

of about 4 to 10 higher than phenomenological estimates
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 RBC -> [RBC + UKQCD ] DWF project
« QCDOC at BNL (RBRC) ...~66%

« QCDOC at Edinburgh ~50%

« QCDOC at BNL (DOE) ....~30%

* Factor of ~20 more computing power over
'98-"04(QCDSP)

* Note: Lattice will be relevant even in the LHC
era

« 2+1 dynamical DW simulations In progress.
Look forward to improved calculations of B,
£'le, KI3, NEDM, p->e1r and many other
quantities of physical interest.
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Summary & Outlook

HEP-

gh encrgy physics

l. HET group is involved in diverse areas
of HEP, precision EW, flavor, collider,LHC &
RHIC phenomenology and in a very strong

Lattice gauge effort ; list of recent pubs
attached.

Il. Overriding concerns:

1. NEED MORE POST-DOCS!! (only 2 for next
year severely undercuts the capability of the
group, esp. in light of the LHC era)

2. Aging of the group
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